Journal  of  Forensic  and  Legal  Medicine  16  (2009)  215-217 


ELSEVIER 


Contents  lists  available  at  ScienceDirect 

Journal  of  Forensic  and  Legal  Medicine 

journal  homepage:  www.elsevier.com/jflm 


Short  Report 

Infrared  tympanic  thermography  as  a  substitute  for  a  probe  in  the  evaluation 
of  ear  temperature  for  post-mortem  interval  determination:  A  pilot  study 

C.  Cattaneo  MD  PhD  (Associate  Professor,  Legal  Medicine) ab*, 

A.  Di  Giancamillo  DVM  PhD  (Research  Assistant,  Veterinary  Medicine) c, 

0.  Campari  MD  (Specialist,  Legal  Medicine) b,  N.  Orthmann  MD  (Specialist,  Legal  Medicine)13, 

L.  Martrille  MD  (Specialist,  Legal  Medicine)3,  C.  Domeneghini  DVM  (Professor,  Veterinary  Medicine)0, 
C.  Jouineau  MD  (Specialist,  Legal  Medicine)3,  E.  Baccino  MD  (Professor,  Legal  Medicine)3 

a  Service  de  Medecine  Legale,  Centre  Hospitalier  Universitaire,  Hopital  Lapeyronie,  Avenue  du  Doyen  Gaston  Giraud,  34295  Montpellier,  Cedex  5,  France 
hIstituto  di  Medicina  Legale,  Universita  degli  Studi,  via  Mangiagalli  37,  20133,  Milano,  Italy 

c  Dipartimento  di  Scienze  e  Tecnologie  Veterinarie  per  la  Sicurezza  Alimentare,  Universita  degli  Studi  di  Milano,  Italy 


ARTICLE  INFO 


ABSTRACT 


Article  history: 

Received  1 7  January  2007 

Received  in  revised  form  7  February  2008 

Accepted  8  July  2008 

Available  online  5  November  2008 


Keywords: 

Post-mortem  interval 
Infrared  tympanic  thermography 
Ear  temperature 


Reported  methods  which  have  been  used  to  measure  tympanic  temperatures  on  cadavers  up  to  now  are 
quite  invasive.  They  involve  the  use  of  a  probe  which  can  perforate  the  tympanic  membrane  and  fre¬ 
quently  causes  bleeding  from  the  ear.  For  this  reason  a  non  traumatic  method  for  estimating  tympanic 
temperature  should  be  applied.  Infrared  tympanic  thermometry  seems  to  be  a  plausible  option.  Reliabil¬ 
ity  of  infrared  tympanic  thermometry  (ITT)  has  been  largely  assessed  on  living  individuals  but  only  one 
author  up  to  now  has  assessed  its  applicability  for  post-mortem  interval  determination.  Thus  the  authors 
set  out  to  test  the  difference  between  ear  temperatures  taken  with  a  probe  vs.  ITT,  differences  between 
left  and  right  ear  and  reproducibility  of  measurements  of  ITT.  The  aim  of  the  study  was  to  verify  whether 
ITT  could  be  a  plausible  option  for  measuring  ear  temperature  for  PMI  estimation.  Ear  temperatures  were 
taken  on  25  cadavers  (15  males,  10  females).  Temperatures  were  taken  alternately  by  similarly  trained 
personnel  by  two  technical  methods  (Checktemp  1  thermocouple  probe  and  First  Temp  Genius  infrared 
thermometer)  for  a  total  of  93  measurements.  Statistical  analysis  of  the  data  was  performed  using  SAS 
statistical  software.  The  range  of  temperature  measured  was  from  20  to  28  °C,  statistical  analysis  revealed 
no  differences  within  the  two  technical  methods,  both  for  right  and  left  ear  (ITT:  22.33  ±  0.35  vs.  probe: 
23.08  ±  0.25;  P=  0.087).  The  study  shows  the  ITT  method  can  be  considered  as  a  possible  alternative  to 
the  probe  for  measuring  ear  temperative  and  further  studies  should  be  considered. 

©  2008  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

Determination  of  the  post-mortem  interval  (PMI)  is  one  of  the 
most  crucial  and  difficult  issues  to  confront,  even  in  the  very  early 
post  mortem  interval.  Scientific  literature  offers  numerous  publica¬ 
tions  on  the  cooling  rates  of  different  parts  of  the  body  (brain,  skin, 
rectum,  liver),  along  with  the  study  of  muscle  contraction,  gastric 
emptying  and  vitreous  and  CSF  I<+.  A  thorough  review  of  these 
methods  has  been  given  in  the  fairly  recent  book  edited  by 
Knight.14  Many  studies  have  indeed  been  performed  in  order  to 
determine  algorithms  by  which  to  establish  PMI  of  bodies  found 
in  “air”  ambient,  in  other  words  found  in  the  open  environment, 
be  it  indoors  or  outdoors.  They  reached  a  climax  in  the  numerous 
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works  of  Henssge’s  group1 1,8-10,13  who  attained  rules  and  nomo¬ 
grams  by  which  to  calculate  PMI  and  which  are  applicable  to 
numerous  situations.  Rectal  cooling  seems  to  be  the  most  thor¬ 
oughly  explored  method.  Several  authors  have  proven  however 
that  cerebral  temperature  (although  its  measurement  implies  frac¬ 
turing  the  sphenoidal  component  of  the  orbit,  or,  alternatively,  the 
ethmoid  bone)  decreases  after  death  in  an  exponential  manner, 
without  plateaus,  and  is  therefore  most  sensitive  and  accurate,  par¬ 
ticularly  in  the  early  post  mortem  period.12,19  Recently  A1  Alousi 
et  al.1  compared  the  cooling  curves  of  liver,  brain  and  rectum.  Re¬ 
sults  showed  that  slopes  vary  throughout  the  monitoring  period, 
however  the  initial  temperature  plateau  is  found  on  average  in 
22%  of  all  cooling  curves,  with  the  plateau  incidence  being  highest 
in  rectal  curves.  Thus  cerebral  temperature  seems  to  be  a  more 
precise  tool  for  early  PMI  estimation,  and  does  not  seem  to  be  af¬ 
fected  by  body  weight,  clothing  or  physical  activity.  Extensive 
work  on  postmortem  interval  performed  by  Baccino  and  collabora- 
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tors2  studied  the  temperature  in  the  deep  auditory  canal/tympanic 
membrane,  and  found  results  to  be  more  accurate  than  those  pre¬ 
viously  obtained.  The  temperature  of  the  tympanic  membrane  has 
been  shown  to  be  closely  correlated  to  that  of  the  hypothala¬ 
mus4,16  and  therefore  can  be  considered  equal  (or  very  close)  to 
the  core  temperature  of  the  head.  In  their  studies,2  demonstrated 
that  ear  temperature  methods  gave  more  accurate  results  than 
all  three  methods  (Henssge’s  nomogram,  Rule  of  thumb  1  and  2, 
and  I<+  concentration  in  vitreous  and  CSF),  particularly  when  ambi¬ 
ent  temperature  was  over  15  °C  and  for  post-mortem  delays  up  to 
20  h.  It  is  also  obvious  that  taking  tympanic  temperature  is  more 
user  friendly  and  quick  and  can  be  done  bilaterally. 

In  many  ways,  it  is  surprising  that  workers  in  the  field  have  con¬ 
centrated  more  on  the  rectum,  since,  intuitively,  the  head  can  be 
considered  as  an  “independently”  cooling  system,  with,  perhaps, 
far  less  variables  affecting  it.  Measuring  body  temperature  from 
the  head  has  indeed  obvious  advantages  as  regards  accuracy  and 
it  bypasses  the  issue  of  contamination  in  suspected  cases  of  sexual 
violence  (unlike  measuring  at  the  rectum).  Furthermore  the  tem¬ 
perature  plateau  is  avoided  (or  greatly  reduced)  because  the  small 
globe-shaped  head  cools  uniformly,  with  no  significant  delay  in 
establishing  a  temperature  gradient.21  The  numerous  studies  per¬ 
formed  indicate  that  cerebral  and  tympanic  temperatures  are, 
per  se,  more  accurate  and  precise  indicators  within  the  early 
post-mortem  interval.  Since  tympanic  temperature  closely  reflects 
cerebral  temperature  but  can  be  taken  in  a  far  more  simple  man¬ 
ner,  it  seems  reasonable  that  for  future  studies  tympanic  tempera¬ 
ture  should  be  taken  into  consideration.  Flowever,  reported 
methods  which  have  been  used  to  measure  tympanic  temperatures 
on  cadavers  up  to  now  are  quite  invasive.  They  involve  the  use  of  a 
probe  which  usually  perforates  the  tympanic  membrane  and  fre¬ 
quently  causes  bleeding  from  the  ear.  Although  it  has  been  re¬ 
ported  that  this  does  not  alter  the  actual  tympanic  temperature 
(as  related  to  cerebral  temperature),23,3  perforation  and  bleeding 
have  two  major  setbacks.  The  first  one  consists  in  the  fact  that  this 
will  create  artifactual  trauma  which  will  be  perceived  at  autopsy. 
Secondly,  in  many  European  countries  PMI  estimation  at  times  is 
required  for  necroscopic  purposes,  since  an  autopsy  has  not  been 
requested  and  time  of  death  must  be  evaluated  only  for  certifica¬ 
tion  purposes.  For  this  reason  a  non  traumatic  method  for  estimat¬ 
ing  tympanic  temperature  should  be  applied. 

Infrared  tympanic  thermometry  seems  to  be  a  plausible  option. 
ITT  has  documented  benefits  including  speed,  ease  of  use,  non 
invasiveness.  These  assets  have  supported  their  use  in  emergency 
departments  and  intensive  care  units. 

Reliability  of  infrared  tympanic  thermometry  (ITT)  has  been  lar¬ 
gely  assessed  on  living  individuals  but  never  on  cadavers.  A  study 
performed  comparing  rectal  and  pulmonary  artery  thermometers, 
compared  to  ITT,  showed  that  these  thermometers  were,  on  aver¬ 
age,  0.3684°  lower.15,5  Studies  comparing  infrared  tympanic  ther¬ 
mometry  to  mercury  rectal  thermometers  on  the  other  hand 
showed  large  differences  for  the  detection  of  fever26;  another  clin¬ 
ical  study  comparing  thermocouples  and  infrared  thermometers 
showed  correlation  coefficients  of  0.6  circa17;  English  researchers 
have  also  verified  that  ITT  does  not  show  sufficient  agreement  with 
other  established  methods  of  temperature  measurement.6  How¬ 
ever,  always  in  the  clinical  setting,  some  discussion  exists,  since 
other  researchers  have  shown  that  infrared  aural  canal  thermome¬ 
ters  are  moderately  accurate  and  precise.22,7,20  As  far  as  reproduc¬ 
ibility  is  concerned  a  French  study  showed  limits  of  agreement 
between  both  ears  of  -1/+1  °C  and  -0.6,  +0.7°C  for  two  consecu¬ 
tive  measurements  in  the  right  ear.18 

Nonetheless,  in  the  forensic  setting,  very  little  is  known  as  re¬ 
gards  both  reproducibility  and  correspondence  with  tympanic 
temperature  measured  with  probes.  The  only  studies  performed 
up  to  now  have  been  those  of  Rutty.24,25  Rutty  set  out  to  verify 


on  canine  and  human  models,  whether  temperature  can  be  re¬ 
corded  form  the  external  auditory  canal  and  can  be  used  for  PMI 
estimation.  His  results  show  that  infrared  thermometers  can  be 
used  to  record  temperature  from  the  external  auditory  canal,  that 
it  is  generally  lower  than  that  of  the  rectum  and  that  the  most  suit¬ 
able  algorithms  applicable  may  be  the  Henssge  nomogram  for  the 
brain  or  that  of  Baccino  et  al.  (mentioned  above). 

Thus  the  authors  set  out  to  verify  Rutty’s  results  and  test  the 
difference  between  ear  temperatures  taken  with  a  probe  vs.  ITT, 
differences  between  left  and  right  ear  and  reproducibility  of  mea¬ 
surements  of  ITT.  The  aim  of  the  study  was  to  verify  whether  ITT 
could  be  a  plausible  option  for  measuring  ear  temperature  for 
PMI  estimation. 

2.  Materials  and  methods 

Ear  temperatures  were  taken  on  25  cadavers  which  reached  the 
Medico-Legal  Institute  of  Milano,  at  different  time  intervals.  Tem¬ 
peratures  were  taken  alternately  by  similarly  trained  personnel  via 
two  technical  methods:  with  a  Checktemp  1  thermocouple  probe 
(probe)  and  with  a  First  Temp  Genius  infrared  thermometer 
(ITT).  For  most  cadavers,  between  two  and  eight  measurements 
were  taken  at  set  intervals  usually  between  10  h  and  20  h  from 
their  arrival  at  the  morgue,  for  a  total  of  89  measurements.  Tem¬ 
peratures  were  all  included  between  20  °C  and  28  °C.  According 
to  Italian  Police  Mortuary  regulation,  non-putrefied  or  mutilated 
cadavers  must  remain  in  observation  at  14  °C  for  24  h. 

At  each  set  time,  the  following  six  measurements  were  taken: 
(1 )  probe  at  the  left  ear;  (2)  probe  at  the  right  ear;  (3)  ITT  at  the  left 
ear;  (4)  after  1  min  a  second  measurement  of  ITT  at  the  left  ear  (by 
extracting  and  reinserting  the  probe);  (5)  ITT  at  the  right  ear;  (6) 
after  1  min  a  second  measurement  of  ITT  at  the  right  ear  (by 
extracting  and  reinserting  the  probe).  Two  measurements  were  al¬ 
ways  taken  for  ITT  to  check  reproducibility,  since  the  insertion  of 
the  tip  of  the  thermometer  may  pose  some  difficulty  and  may  dif¬ 
fer  from  time  to  time. 

Statistical  analysis  of  the  data  was  performed  using  SAS  statis¬ 
tical  software  (SAS  Institute  Inc.  (2000),  Version  8  2000  SAS  Insti¬ 
tute  Cary,  NC).  Data  were  analyzed  using  one-way  ANOVA,  where 
the  two  different  types  of  method,  i.e.  the  probe  or  the  infrared 
thermometer  were  the  main  factors.  Values  from  each  cadaver 
were  considered  as  the  experimental  unit  of  all  response  variables. 
Set  time  was  not  included  in  the  model  because  it  was  not  always 
statistically  different.  Differences  between  means  were  considered 
significant  at  P  ^  0.05. 

3.  Results  and  conclusions 

Results  are  presented  in  Fig.  1.  Ear  temperatures  (left  and  right 
ears)  were  not  significantly  influenced  by  the  technical  method 


ITT  Probe 

technical  method 


M  left  ear 
□  right  ear 


Fig.  1.  Left  and  right  ear  temperatures  (°C)  of  cadavers.  Results  are  reported  as 
mean  temperature  ±  SEM.  Significant  effects  are  not  noted  (P  >  0.05). 
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used  (ITT  vs.  probe).  Ear  temperatures  revealed  to  be  similar  with 
ITT  and  probe  method  in  both  the  ears  (P  >  0.05). 

The  range  of  temperature  measured  was  contained  within  20- 
28  °C,  statistical  analysis  revealed  no  differences  within  the  two 
technical  methods,  both  for  right  (ITT:  22.43  ±0.37  vs.  probe: 
23.18  ±0.26;  P=  0.108)  and  left  ear  (ITT:  22.33  ±0.35  vs.  probe: 
23.08  ±  0.25;  P  =  0.087).  Data  thus  seem  to  reveal  that  ITT  method 
can  be  considered  equivalent  for  measuring  ear  temperature 
although  applicability  to  larger  temperature  intervals  must  be 
performed. 

One  should  keep  in  mind  in  fact  that  infrared  thermometry 
functions  according  to  manufacturer’s  recommendations  and  not 
below  certain  ambient  temperatures.  This  limits  the  application 
of  the  method.  The  study  appears  to  confirm  Rutty’s  results,  i.e. 
that  ear  temperature  can  be  reliably  taken  by  ITT  and  that  side 
does  not  have  a  great  significance  if  the  body  is  in  a  prone  position. 
It  should  be  stressed  that  further  research  is  necessary. 
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